Context. The role of ionization feedback on high-mass (> 8 M ) star formation is still highly debated. Questions remain concerning the presence of nearby H ii regions changes the properties of early high-mass star formation and whether H ii regions promote or inhibit the formation of high-mass stars. Aims. To characterize the role of H ii regions on the formation of high-mass stars, we study the properties of a sample of candidates high-mass starless clumps (HMSCs), of which about 90% have masses larger than 100 M . These high-mass objects probably represent the earliest stages of high-mass star formation; we search if (and how) their properties are modified by the presence of an H ii region. Methods. We took advantage of the recently published catalog of HMSC candidates. By cross matching the HMSCs and H ii regions, we classified HMSCs into three categories: 1) The HMSCs associated with H ii regions both in the position in the projected plane of the sky and in velocity; 2) HMSCs associated in the plane of the sky, but not in velocity; and 3) HMSCs far away from any H ii regions in the projected sky plane. We carried out comparisons between associated and nonassociated HMSCs based on statistical analyses of multiwavelength data from infrared to radio. Results. We show that there are systematic differences of the properties of HMSCs in different environments. Statistical analyses suggest that HMSCs associated with H ii regions are warmer, more luminous, more centrally-peaked and turbulent. We also clearly show, for the first time, that the ratio of bolometric luminosity to envelope mass of HMSCs (L/M) could not be a reliable evolutionary probe for early massive star formation due to the external heating effects of the H ii regions. Conclusions. We show HMSCs associated with H ii regions present statistically significant differences from HMSCs far away from H ii regions, especially for dust temperature and L/M. More centrally peaked and turbulent properties of HMSCs associated with H ii regions may promote the formation of high-mass stars by limiting fragmentation. High-resolution interferometric surveys toward HMSCs are crucial to reveal how H ii regions impact the star formation process inside HMSCs.
Introduction
The formation of high-mass (> 8 M ) stars is still a mystery as a consequence of their rapid evolution, larger distance, and violent feedback, which are all deeply embedded in molecular clouds. With the benefits of higher resolution and sensitivity from millimeter interferometers such as Atacama Large Millimeter/Submillimeter Array (ALMA), the details happening at the very early evolutionary stages of high-mass star formation (HMSF) have been investigated in recent years. Two popular Table 4 that describes the basic properties of high-mass starless clump candidates is only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/.
This publication is based on the SEDIGISM and PPMAP data. models for HMSF have been discussed widely: (1) monolithic collapse (McKee & Tan 2003; Krumholz et al. 2009; Csengeri et al. 2018; Sanna et al. 2019; Motogi et al. 2019) and (2) competitive accretion Cyganowski et al. 2017; Fontani et al. 2018) . It is possible that these models are not strongly and mutually incompatible as described by many current studies; these two models of HMSF are expected to be merged into a unified and consistent star formation model with the progress of observations and theories (Schilke 2015) . The new evolutionary scenario proposed by Motte et al. (2018) suggests that the large-scale (0.1 to 1 pc) gas reservoirs, known as starless massive dense cores (MDCs) or starless clumps, could replace the high-mass analogs of prestellar cores (about 0.02 pc). These mass reservoirs could concentrate their mass into highmass cores at the same time when stellar embryos are accreting.
The complexities of HMSF result from not only the controversially basic pictures of formation mechanism but also from the environmental impacts on the formation process. The powerful UV radiation of massive stars ionizes hydrogen to form H ii regions. Because high-mass stars form in the densest parts of molecular clouds, H ii regions are expected to become a typical environment of HMSF. Previous studies found that at least 30% of HMSF in the Galaxy are observed at the edges of H ii regions (Deharveng et al. 2010; Kendrew et al. 2016; Palmeirim et al. 2017) .
The possible impacts of ionization radiation on star formation have been investigated in many publications. H ii regions could trigger star formation with several mechanisms, mainly depending on the density and configuration of the surrounding medium (see Sect. 5 in Deharveng et al. 2010) , such as the collect and collapse (C&C) mechanism in IR dust bubbles (Zavagno et al. 2010; Samal et al. 2014; Duronea et al. 2017) or the radiation-driven implosion (RDI) mechanism in pillars or bright rimmed clouds (Bertoldi 1989; Imai et al. 2017; Marshall & Kerton 2019) .
The interferometric studies of HMSF generally focus on physical and/or chemical phenomena inside the massive clumps or in a single field of view. This could produce a blind zone for the possible interactions between massive clumps, HMSF, and their various environments. For example, Csengeri et al. (2017b) used ALMA to survey fragmentation at the early evolutionary stage of IR-quiet massive clumps and ignored possible environmental factors, even though environmental factors such as the presence of nearby H ii region could impact the fragmentation process (Busquet et al. 2016) .
In a series of forthcoming papers, we try to systematically explore how the environment of the H ii region changes HMSF, particularly for the HMSF at the very early evolutionary stages. High-mass starless clumps (HMSCs), which are very cold (dust temperature of around 10 to 20 K) and massive (from a few hundreds to several thousands of solar mass at a typical scale of 0.1 pc to 1 pc), are thought to be the possible precursors of highmass stars. These sources are likely at the earliest stage of HMSF (quiescent prestellar stage), and only less than 10% of the clumps with the ability to probably form massive stars are at this stage, indicating their short lifetime (Urquhart et al. 2018) . Observationally, HMSCs are dark against their background environment from optical to mid-infrared (mid-IR) owing to the absence of the embedded protostellar objects.
Systematic studies of HMSCs under the effect of H ii regions are very crucial to characterize the influence of the H ii regions and how the influence impacts very early HMSF and the associated gas dynamics. We investigate the impacts of H ii regions on a large sample of 463 HMSC candidates recently selected by Yuan et al. (2017) (written briefly as Y17 in the following) in the inner Galactic plane. As in the first paper, we cross match HMSCs and H ii regions based on their mutual correlation in the plane of sky to ascertain their association and then investigate the differences of the physical properties between the HMSCs associated with and those not associated with H ii regions.
This paper is organized as follows: The sample selection and archival data acquisition are described in Sect. 2. Sect. 3 shows how we determine the basic parameters of HMSCs with updated data, followed by cross matching of H ii regions and HMSCs in Sect. 4. In Sect. 5 to 8, we explore and compare the properties of different HMSCs. In Sect. 9, we discuss the results to shed light on the role of ionization feedback on modifying the physical properties of HMSCs. The conclusions are finally presented in Sect. 10.
Sample and data

Sample of HMSC candidates
There are several studies dedicated to the search of starless clumps in the Milky Way. Elia et al. (2017) explore the physical properties of Herschel infrared Galactic Plane Survey (Hi-GAL, see Molinari et al. 2010 ) compact sources in the inner Galaxy and termed the starless cores or clumps when they are not associated with 70 µm counterpart. A large number of 76338 starless clump/core candidates are found. About 65%, 52%, and 3% of these clumps are compatible with massive star formation according to the different thresholds, which are M(r) > 870 M (r/pc) 1.33 , or Σ crit = 0.2 and 1 g cm −2 suggested by Kauffmann & Pillai (2010) , Butler & Tan (2012) , and Krumholz & McKee (2008) , respectively. With Bolocam Galactic Plane Survey data (BGPS; Aguirre et al. 2011) , Svoboda et al. (2016) (S16) obtained a sample of 2223 starless clump candidates in 10 • < l < 65 • based on the absence of a series of observational signatures of star formation (see Table 1 ).
The recent search for starless clumps by Y17, which targeted at only massive starless clumps ( 100 M for 90% of these clumps at a typical scale of 0.2 to 0.8 pc) in the inner Galactic plane (|l| < 60 • , |b| < 1 • ), resulted in a sample of 463 HMSC candidates by extracting APEX Telescope Large Area Survey of the Galaxy 870 µm clumps (ATLASGAL; Csengeri et al. 2014 ) based on a series of selection criteria. Firstly, Y17 selected clumps with a 870 µm peak intensity higher than 0.5 Jy beam −1 to ensure that the column density is sufficient to form a massive star. Then, these authors removed clumps with star formation indicators such as young stellar objects (YSOs) identified by Galactic Legacy Infrared Midplane Survey Extraordinaire data (GLIMPSE; Churchwell et al. 2009 ), MIPS Galactic Plane Survey 24 µm data (MIPSGAL; Carey et al. 2009 ), and Herschel 70 µm data (Molinari et al. 2010) . Besides, various kinds of star formation indicators in the SIMBAD database 1 were also used. Finally, all candidates were inspected in Spitzer images by eye.
A comparison between the samples of Y17 and S16 shows that only 20% of ATLASGAL counterparts of BGPS starless clumps are in the HMSC sample of Y17. This could be due to denser or more reliably starless properties of HMSCs in the sample of Y17. Additional star formation indicators such as outflows (candidates) are considered. Furthermore, the inclusion of extended 24 µm could mitigate false identifications due to a strong background. Another factor could be the better resolution of ATLASGAL (about 20 ) compared to BGPS (about 33 ), which may resolve one BGPS clump to more individual structures in ATLASGAL considering that BGPS could detect the similar mass range as ATLASGAL (Ellsworth-Bowers et al. 2015) .
We chose the sample by Y17 as our HMSC candidates because it is probably more robust and focused on massive clumps. Even though a larger number of star formation indicators are cross matched, the selected HMSCs are still starless candidates rather than absolutely starless . One of the examples is the massive 70 µm quiet clump, which was considered a more reliable starless candidate in previous, while evidences of embedded low-to intermediate-mass star formation have been found in such clump recently (Traficante et al. 2017; Svoboda et al. 2019; Li et al. 2019; Sanhueza et al. 2019) . Basically, HMSCs hereafter represent HMSC candidates unless there are special explanations. 
Ionized region sample
The ionized regions created during HMSF produce a shell or layer of photodissociation region (PDR) that can be observed by the PAH 2 emission in the mid-IR, for example, via GLIMPSE 8 µm or Wide-field Infrared Survey Explorer 12 µm emission (WISE; Wright et al. 2010) . This shell or layer surrounds the hot thermal dust emission of ionized regions, which can be observed in MIPSGAL 24 µm or WISE 22 µm emission. The photodissociation shell and the inner hot thermal dust emission in mid-IR images make up the objects that are generally named as IR dust bubbles (Deharveng et al. 2010) . The ionized regions are originally traced by the emission from ionized gas such as the free-free centimeter continuum or radio recombination lines (RRL). The close correlations between the mid-IR hot dust emission and the centimeter radio free-free emission of H ii regions have been revealed by several studies (Ingallinera et al. 2014; Makai et al. 2017) , which indicate a tight spatial association between H ii regions and IR dust bubbles. Churchwell et al. (2006) cataloged 322 IR bubbles by visual examination of GLIMPSE mid-IR images. These authors argued that most of the bubbles are formed by hot young stars in HMSF regions. Only three of their bubbles are identified as known supernova remnants (SNRs). The overlapping fraction between H ii regions and bubbles could approach 85% or even more in other similar studies (Deharveng et al. 2010; Bania et al. 2010; Anderson et al. 2011) , which shed light on the association between H ii regions, bubbles, and HMSF.
We used the IR bubbles identified in mid-IR images as our candidates of H ii regions. Based on GLIMPSE images, a large catalog of more than 5000 IR bubbles is attained through the visual identification by tens of thousands citizens within Milky Way Project (MWP) Kendrew et al. 2012) . This catalog consists of the following two types of bubbles based on angular size: large (> 30 ) and small (< 30 ) bubbles. In this work, we take advantage of the sample of 3744 large bubbles as our H ii region candidates. The small bubble candidates are ignored because of their high level of confusion with other astronomical objects unrelated to star formation such as AGB. Another reason is that the resolutions of millimeter and far-infrared (far-IR) images in our studies are close to the scale of small bubble (20 to 30 ). The unresolved H ii regions could mix with nearby HMSCs, leading to the unreal properties of HMSCs.
In addition, Anderson et al. (2014) (Anderson et al. 2015 (Anderson et al. , 2018 Wenger et al. 2019 ). The distant Galactic H ii regions are also included in HRDS (Anderson et al. 2015) . Anderson et al. (2014) propose that WISE has a sensitivity to detect all Galactic H ii regions (see Figure 2 in their paper). The size and position of H ii region (bubble) candidates in this online tool are outlined by characteristic morphology of WISE mid-IR emission. We use this catalog and associated online tool as supplements in searching for our H ii region candidates.
Survey data
The main observing parameters of the surveys we used for this work are listed in Table 2 . Several types of data are included as follows: (1) Infrared data: GLIMPSE mapped the Galactic plane in mid-IR and we used this survey to show the spatial distribution of PAH, hot dust, and YSOs. (2) (Sub)millimeter and far-IR continuum data: ATLASGAL 870 µm survey (|l| < 60 • , |b| < 1.5 • ) and Point Process Mapping for Hi-GAL (Hi-GAL PPMAP; Marsh et al. 2015) column density and dust temperature data are used. A more detailed description about Hi-GAL PPMAP is given in Sect. 3.3. (3) (Sub)millimeter molecular line data: Structure, Excitation, and Dynamics of the Inner Galactic InterStellar Medium survey (SEDIGISM; Schuller et al. 2017 ) mapped the inner Galactic plane (−60 • ≤ l ≤ 18 • , |b| ≤ 0.5 • ) in the J = 2 − 1 rotational transition of 13 CO and C 18 O using the SHFI instrument on APEX with a spatial resolution of about 30 and a velocity resolution of 0.25 km s −1 (Schuller et al. 2017) . We used this survey to explore kinematics of the HMSCs. The survey is described in more detail in Sect. 8. (4) Centimeter radio images: Multi-Array Galactic Plane Imaging Survey (MAGPIS, first quadrant the Galactic plane; Helfand et al. 2006) , Sydney University Molonglo Sky Survey (SUMSS, southern sky; Bock et al. 1999) , and VLA Galactic Plane Survey (VGPS, 18 • < l < 67 • and b < 1.3 • to 3.3 • ; Stil et al. 2006 ) are used to indicate the H ii regions. 
Physical parameters
Velocity and distance
A reliable velocity determination is crucial to estimate a reliable set of other physical properties of the clumps. We take advantage of the results of velocity component identification from the Hi-GAL distance project (Mège et al., in prep.) to revise the systematic velocity (v lsr ) estimated by Y17. This project aims to determine the v lsr and distance of about 150000 Hi-GAL-selected compact sources as accurately as possible by using all the molecular tracers available for the sources. In practice, we determine the most reliable v lsr of a clump by carefully inspecting the spatial association and morphology between dust and molecular line emission. The velocity component with a morphology most similar to ATLASGAL emission of the HMSCs is selected. An example of the velocity determination of the HMSCs with the results of Hi-GAL distance project is shown in Fig. 1 . After revising the velocity, we used the same methods as that adopted in Y17 to derive the distance from renewed velocity, which is a parallax-based distance estimator developed by Reid et al. (2016) based on the Bayesian maximum-likelihood approach. We carefully considered kinematic distance ambiguities (KDA) when determining the distance. We applied the KDA solution results of Urquhart et al. (2018) to ascertain the distance. If the HMSCs are not included in Urquhart et al. (2018) , we followed their work flows to solve the ambiguities, which use a series of evidence such as the scale height of the Galactic plane, H i self-absorption (H i SA), and extinction (IR dark clouds). More detailed information about KDA solutions is given in Appendix A.
Kinematic uncertainty
The renewed v lsr and its comparisons with that in Y17 are shown in Fig. 2 . Most of the HMSCs except for the low-longitude sources are located at or close to spiral arms as shown in Fig. 2 (a). The HMSCs toward the Galactic center have a radial component of the velocity that is only a small fraction of the en-tire velocity of the clump, making the rotation curve and resulted kinematic distance are just not reliable. Using any kinematic information in extremely low longitude is challenging, as shown by the significant l -v lsr structure blending in |l| < 3 • region in Fig. 2 (a) . Furthermore, the commonly existing broad line width (several dozens of km s −1 ) of molecular lines in this region increases the difficulties to identify a proper v lsr (Kruijssen et al. 2015; Ginsburg et al. 2016) . The 90th percentiles of the identified v lsr difference between Y17 and this paper are 3.9 km s −1 and 64.6 km s −1 for |l| > 3 • and |l| ≤ 3 • , respectively. This shows the large uncertainty in v lsr identification for lowlongitude clumps.
The strong radial streaming motions caused by the Galactic bar, which could also impact the l -v lsr structure, are carefully considered by Ellsworth-Bowers et al. (2015) . Fig. 2 (a) shows that only few HMSCs are located in the exclusion regions proposed by Ellsworth-Bowers et al. (2015) and that these HMSCs are close to the boundaries of exclusion regions. Thus, this kind of uncertainty is not dominating for our HMSCs. Considering the unreliable velocity and kinematic distance in lower longitude, we exclude a total of 125 HMSCs located in |l| ≤ 3 • from the following analyses and visualization.
The uncertain kinematics is not the only reason to exclude the lower-longitude HMSCs. Possible different star formation mechanism and history compared to other molecular cloudstar formation complexes are also possible reasons. The central molecular zone (CMZ) is about 400 pc in size (angular scale at the distance of the Earth is about 0.4/8.34 rad 3 • ). The star formation rate (SFR) in the CMZ is an order of magnitude lower than expected (Lu et al. 2019) . One of the explanations for the low SFR is that the clouds in CMZ are without active star formation at very early evolutionary stages because of the co-impacts of high turbulence, magnetic field, and a number of other processes (Kruijssen et al. 2014) . A higher density is needed for the collapse of the clumps in the CMZ. Therefore, the inhibited HMSF could result in the overproduction of HMSCs (26% HM-SCs are in the region |l| < 3 • ). Our study focuses on the impacts of H ii regions on HMSCs, thus it is more reliable to only use S. Zhang et al.: H ii regions and high-mass starless clump candidates the higher-longitude HMSCs, which could avoid the complex co-impacts in CMZ.
The 70th percentile of the distance difference |∆ D | between this paper and Y17 is about 0.8 kpc, which is shown in Fig. 3 (a) in red dashed lines. Owing to the small |∆ v lsr | for most HMSCs, the improvement in solving KDA problem could be the most possible reason for the large difference between our new distance determination and those in Y17. For HMSCs with a similar v lsr but large |∆ D |, their |∆ D | are approximately equal to the differences between far and near distance D f ar − D near in KDA solutions, as shown in Fig. 3 (2015) . The four spiral and local arms are shown by different colors and their positions are taken from Urquhart et al. (2018) and its references Taylor & Cordes (1993) and Bronfman et al. (2000) . Most of the errors of v lsr are less than 2 km s −1 and the associated error bars are smaller than the point size in (a).
Column density and dust temperature
One of the classical ways to investigate the dust properties of HMSC is to combine far-IR to millimeter multiwavelength data and then fit the spectral energy distribution (SED) pixel by pixel.
All images need to be smoothed to the largest beam size in the data set and then fitted with the modified blackbody function at each pixel. Principally, we made use of the H 2 column density (N H 2 ) and dust temperature (T dust ) resulting from the Y17 SED fitting to update the physical properties according to the renewed distance. Besides, we also utilized the higher resolution PPMAP Hi-GAL data set in investigations of density and temperature profile.
Results from Y17
In Y17, the Hi-GAL 160, 250, 350, 500 µm, and ATLAS-GAL 870 µm images are smoothed to the largest beam of the data set, which is 36.4 . After carefully removing the foreground/background flux, gray-body functions are fitted pixel-bypixel with a dust opacity of κ ν = 3.33(ν/600GHz) β cm 2 g −1 and an emissivity index of β = 2. In this paper, physical properties (e.g., clump mass M clump , number density n H 2 , and size r pc ) are basically taken from Y17 but revised according to the new distance determination.
Higher resolution results from PPMAP
To explore the density/temperature structures of HMSCs, data with higher resolution is helpful because HMSF regions are gen-Article number, page 5 of 28 Table 4 and Appendix A). The black dots are the sources without erally located at a distance farther than low mass star formation regions. To avoid degrading resolution when performing fitting process, Marsh et al. (2015) fit the SED based on the nonhierarchical Bayesian procedure point process mapping technique to utilize full instrumental point source functions (PSF). Marsh et al. (2017) applied the PPMAP technique on the Hi-GAL 70, 160, 250, 350, and 500 µm images to get a series of T dust -differential N H 2 planes, which means the column densities are equally spaced in log space between 8 K and 50 K and the dust temperature is the third dimension of N H 2 maps (data cube). The spatial resolution of the resulting PPMAP Hi-GAL N H 2 and T dust images is 12 ; the value is better than that from the conservative SED fitting for Hi-GAL images ( 36 ). The typical errors in the resulting N H 2 and T dust are around 10% to 50% and around 1 K, respectively. Comparisons between PPMAP Hi-GAL T dust and N H 2 with those in Y17 are shown in Fig. 4 . Generally, the PPMAP Hi-GAL T dust value is a higher of 2 to 3 K than the value obtained in Y17. At the low -T dust end (< 14 K for T dust of Y17), the difference can reach 5 to 7 K. The most likely reason for that is the difference in the wavelength of the data used because similar dust opacity and graybody functions are used by PPMAP and Y17. Y17 excluded Hi-GAL 70 µm emission and used additional 870 µm data to fit the SED, which could better constrain the shape of the SED at the long-wavelength end and lead to trace more the coldest parts of the clumps. Besides, Y17 care-fully excluded the foreground/background flux when fitting the SED while this is not included in PPMAP Hi-GAL SED fitting.
When the data used in fitting are the same, the PPMAP technique could provide a more accurate estimation of N H 2 and T dust , especially for the maximum of N H 2 , minimum of T dust of the clump (Marsh & Whitworth 2019) . Even PPMAP Hi-GAL data should detect more compact structures than Y17 because of the higher resolution of the images; Fig. 4 shows that clumps N H 2 are normally underestimated while T dust are overestimated at the low -T dust end compared to Y17. This suggests that the errors created during the SED-fitting process are dominated by the different wavelength data used rather than different techniques or resolutions in our cases.
Considering these factors, we only used PPMAP data to estimate the column density/temperature structures (see details in Sect. 7) rather than using these data to derive other global properties of HMSCs such as N H 2 , T dust , and the ratio of bolometric luminosity to envelope mass L/M.
H ii region cross matching
Criteria
To explore differences between HMSCs associated with and nonassociated with H ii regions, we set two main criteria to ascertain the association relationship.
The first criterion is the position in the plane of the sky. Thompson et al. (2012) studied Red MSX Sources (RMSs; see Lumsden et al. 2013 ) YSOs, and Ultra Compact (UC) H ii regions, which are regarded as the signatures of HMSF, around 322 Spitzer mid-IR bubbles. With an angular cross-correlation function of RMSs and bubbles, these authors reveal that the location with the highest probability to find RMSs YSOs is around the effective radius R eff of the bubble. Furthermore, the RMSs are essentially uncorrelated with bubbles and appear as field RMSs when the separations are larger than 2R eff . A similar relationship for cold clumps has also been found in the MWP bubbles (Kendrew et al. 2016 ). If our HMSCs are precursors of HMSF that could form massive stars in the future, we can simply assume that the HMSCs associated with bubbles have a distance correlation similar to the RMSs or UC H ii regions. A study that looked into 70,000 star-forming objects around bubbles reveals that either the radial source density profiles of starless clumps or those of protostars become quite flat and near the field values when beyond 2R eff (Palmeirim et al. 2017) . This suggests that the nonassociated properties of the clumps outside 2R eff of H ii region are independent of the evolutionary stages of the clumps. Combining these facts, we propose that 2R eff is a reasonable value for declaring association in sky position between HMSCs and H ii regions. We make use of the R eff in Kendrew et al. (2012) and Anderson et al. (2014) , which is from the measurement of the mid-IR PAH emission of the bubble (see Sect.
2.2).
The second criterion is the v lsr difference |δ v lsr | = |v HMSC − v H ii region | between HMSCs and the H ii regions. A proper limitation on |δ v lsr | could mitigate mismatching between H ii region and HMSCs due to the projection in the plane of sky. If a HMSC is indeed associated with an H ii region, δ v lsr mainly comes from the molecular cloud turbulence and the expansion of H ii region. By Larson's law (Larson 1981) , the velocity dispersion σ v of a molecular cloud is related with its size. If we assume a cloud size of 5 pc, which is similar to the typical size of IR bubbles, the velocity dispersion σ v is about 0.9 × 5 0.56±0.02 km s −1 ≈ 2 km s −1 (Heyer & Brunt 2004) . This value is a bit smaller than the 13 CO J = 1 − 0 observations of Yan et al. (2016) toward 13 Galactic bubbles, which resulted in a value of about 2.5 to 5 km s −1 . The larger σ v may be due to the additional energy injection from massive stellar feedback such as stellar winds and UV radiation. Another factor that enlarges |δ v lsr | is the expansion of the H ii region. The simulation of Tremblin et al. (2014a) for the expanding process of ionized gas in turbulent molecular clouds indicates an averaged expanding velocity 2 km s −1 . Molecular spectral observations toward expanding shells surrounding H ii regions indicate an expanding velocity on the order of one to several km s −1 (Elmegreen 2011) .
To ascertain a proper limitation, δ v lsr for all HMSCs in 2R eff of H ii regions with known v lsr are shown in Fig. 5 . There are only few sources whose |δ v lsr | > 30 km s −1 , thus they are not shown in Fig. 5 . Gaussian fitting to δ v lsr distribution gives a Gaussian standard deviation σ of 3.5 km s −1 . Considering all the facts mentioned above, we assume that a v lsr difference limit of 7 km s −1 , about 2σ of fitted Gaussian distribution, is a reasonable value to reduce the misclassification due to the projection on the line of sight. We made use of H ii region v lsr information from the work of Hou & Gao (2014) and Anderson et al. (2014) , which are usually derived from Hα, RRL observations or the average molecular lines of H ii regions.
Workflow
According to the two criteria mentioned, we classified HMSCs into three types that reflect the association relations between HMSCs and H ii regions. Generally, when a HMSC is located outside 2R eff of H ii regions or bubbles, we classify it as nonassociated HMSC (written as NA HMSC or NA), otherwise it is classified as possibly associated HMSC (written as PA HMSC or PA) or associated HMSC (written as AS HMSC or AS). The criterion for discriminating between PA and AS is whether the absolute value of v lsr difference |δ v lsr | between HMSC and H ii region is less than 7 km s −1 . The HMSC is classified as AS if this is the case, otherwise it is classified as PA. When a HMSC is located in 2R eff but there is no v lsr information for the H ii region, we also put it in the category of PA HMSCs.
Considering that some of the H ii regions or bubbles have an irregular or elliptical shape, a single circular description with R eff is not accurate enough. We check GLIMPSE 24 µm hot dust emission and 8 µm PAH emission images to confirm that all NA HMSCs classified by the criterion of 2R eff are really far away from any 8 µm emission shell structure or diffuse 24 µm emission. If this is the case, we keep it in the NA category, otherwise we reclassify it as PA or AS. A flow chart describing how classification process works is shown in Fig. 6 . An example for the identifications of AS, PA, and NA HMSCs surrounding the H ii region G340.294−00.193 are shown in Fig. 7 . Fig. 6 . Workflow chart. The first part is the determination of association as described in Sect. 4.2 and the second part is for highlighting impact of H ii regions, as described in Sect. 4.4.
Bias and results
Large (> 30 ) and very diffuse (weak at 24 µm) H ii regions are not considered when cross matching H ii regions and HMSCs. Some AS and PA could be misclassified as NA owing to the omission of the very diffuse H ii regions. We suggest that the omission of very diffuse H ii regions does not largely change our comparison results between different HMSCs because the impacts of ionized gas of this kind of H ii regions are too weak to significantly modify the properties of HMSCs.
Another bias is that some PA with |δ v lsr | > 7 km s −1 could be due to the very powerful feedback of H ii regions, which strongly changes the overall kinematics of molecular clouds, making |δ v lsr | larger than 7 km s −1 , rather than the properties of nonassociation. It is possible that the chemistry properties of HMSCs could help in our classification. For example, C 2 H is a typical molecular tracer for photodissociation, indicating the impacts of H ii region. In a forthcoming paper, we find that the C 2 H detection rates between AS and NA are significantly different (Zhang et al., in prep.) . Detailed case-studies will reveal whether these PA are AS or NA. In this paper, we only use the simplest methods with the velocity and sky position to classify the association of HMSCs and leave the more complex and detailed classifications to future studies.
To summarize, we classified HMSCs into three categories according to their association with H ii region: (1) AS: the HMSC is in 2R eff of the H ii region and its v lsr difference with the H ii region is ≤ 7 km s −1 ; (2) PA: the HMSC is in 2R eff of the H ii region, but we do not know v lsr of the H ii region or the v lsr difference is > 7 km s −1 ; (3) NA: the separation between the HMSC and the H ii region is > 2R eff .
A summary of the classification results is shown in Table 3 . About 60% to 80% of HMSCs are associated with H ii regions, which reveals the close relation between the H ii regions and HMSCs. We only use the simplest method with position and velocity to determine the association. The real associated number could be larger if we consider more features, like C 2 H. Classification results and physical parameters of HMSCs are given in Table 4 . 
Morphology features of impact of H ii regions on HMSCs
The main goal of this section is to extract the HMSCs with clear impacts from the H ii regions using the available data.
According to the morphology of cold and hot dust emission, PAH, and ionized gas emission, we check whether HMSC is in a compressed dust shell or in a structure that is being photoionized or photodissociated by UV radiation. Steeper profiles of radio emission, ATLASGAL 870 µm emission, or column density toward the direction of the H ii region and/or a denser dust shell surrounding the H ii region both indicate the compression by the H ii region (Tremblin et al. 2014b (Tremblin et al. , 2015 Li et al. 2018 ; 4. The distance error is taken from the results of distance calculator and its typical value is less than 1 kpc. The distance errors are propagated to the calculation of other physical parameters. 5. We solve the KDA with several ways: (1) (e). LITERAT. The literature in Urquhart et al. (2018) . See Appendix A for more information. 6. The detailed explanation about the morphology is in Appendix B.
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A&A proofs: manuscript no. hmsc Marsh & Whitworth 2019) . The bright PAH 8 µm emission layer toward the direction of 24 µm hot dust emission or radio emission of the H ii regions suggests that photodissociation is working at the surface of clumps and is "sculpturing" the clumps. We classify AS or PA HMSCs with these features as S (sculptured or shell) type AS or S-type PA. For AS and PA without morphology features of significant interaction with the H ii regions, we just classify these AS or PA as O-(other) type AS or O-type PA. These O-type AS or PA could be in a filament, a clumpy structure, or even isolated without neighbor of clump (see Appendix B). The related classification process is shown in the work flow presented in Fig. 6 . Table 5 shows that about half of AS are found to be probably significantly impacted by H ii regions on the mapping data. 
Distributions in the Galaxy
The distribution of HMSCs in the Galaxy is shown in Fig. 8 . The trend is that either AS or NA all highlight the spiral arms and that both of these have a similar distribution in the Milky Way. This trend could be partly due to the coherence between HMSCs and spiral arms in the v lsr -longitude structures shown in Fig. 2 . Another factor could be the nature of Reid et al. (2016) distance calculator, which links the points in the position-position-space to the specified spiral arms. The peak of latitude distribution of AS shifts to b = −0.25 • . By checking our images of the H ii regions -HMSCs complex, this shift could be partly due to several star-forming complexes with a number of AS at a relatively higher latitude, such as G010.19−0.35 (eight HMSCs) and G333.48−0.22 (eight HMSCs). Another factor could be due to the offset between solar system's location and the Galactic midplane. The location of the Sun is thought to be about 20 pc to 25 pc above the Galactic midplane (Humphreys & Larsen 1995) . The T dust of AS and PA seems to be dominated by the local environment rather than the Galactic-scale environment. In the same region of spiral arm, AS and PA usually have a higher T dust than that of NA, which probably indicates that T dust of AS and PA are deeply impacted by the associated H ii regions. The relations between T dust and the Galactocentric distance R GC for AS and NA HMSCs are shown in Fig. 9 . The NA occupy the lower -T dust end in most distance ranges. Linear regressions to T dust for AS and NA indicate the Galactocentric gradient of T dust is weakly different between AS and NA HMSCs. The NA show a weak trend that T dust decreases with R GC , which conforms with the previous results about the Galactic cold dust temperature gradient owing to the decreasing star formation activities from the Galactic inner to outer regions (Misiriotis et al. 2006; Paradis et al. 2012) , whereas AS HMSCs show a weak positive trend. The Spearman's correlations 4 result in a coefficient of 0.15 and −0.16 of R GC -T dust relation for AS 4 Spearman's correlation is used for assessing how well the relations between two variables could be described by a monotonic function. The value range of the correlation coefficient is from −1 to 1. A coefficient and NA, respectively, showing the results of different R GC -T dust relations are weak. The probably different T dust gradient may indicate the importance of impacts of H ii regions on the local environment. In the following sections, we confirm the T dust difference of HMSCs in different environments.
Basic physical properties
To explore physical differences of HMSCs in different environments with a more reliable sample, we remove HMSCs with a mass smaller than 100 M to confirm that the selected clumps are at massive end of the sample. The PA are not included in the analyses because of their uncertain association with H ii regions. AS HMSCs are split into S-type and O-type AS HMSCs to highlight the impacts of H ii regions as mentioned in Sect. 4.4.
Distance bias
Our samples of HMSCs cover a broad range of distances, from 1 kpc to 13 kpc, which could be a bias when claiming the differences in physical properties of different HMSCs. Eight physical properties and their relations with distance are shown in Fig. 10 . The quantities T dust , L/M ratio, and eccentricity have a flat relation with distance. Number density n H 2 and probably also N H 2 show a decreasing trend, whereas M clump , L clump , and size show an increasing trend. The possible reason is that our HMSCs have a similar angular size (20 to 40 ) and column density (10 22 to 10 23 cm −2 ), while their distances cover a broad range. Baldeschi et al. (2017) studied the distance bias when deriving physical properties by fitting SED to Hi-GAL data. They find that the physical properties of the clump, such as temperature, the contribution of inter-core emission in the clumps, and the fractions of starless clumps to protostellar or all clumps, could change with distance. The fractions of HMSCs to massive ATLASGAL clumps in different distance ranges are shown in Fig. 11 . The decreasing trend of starless fraction with distance coincides with Baldeschi et al. (2017) , who explained it as the combined effects of the unresolved clumps (similar angular size) and their embedded multiple cores (protostellar but also starless). The HMSCs located at large distance are at the large size end (about 1 pc) of all HMSCs and the emission of embedded compact core(s) is more easily confused with the emission of diffuse gas, leading to the error in the determination of physical parameters. We roughly separate HMSCs into three distance ranges, which are < 4 kpc, 4 kpc to 8 kpc, and > 8 kpc according to their distributions. The HMSCs in these distance ranges should be individually considered when comparing the properties of the clump, which show a consistent increasing or decreasing change among distance.
Firstly, we preform Kolmogorov-Smirnov (K-S) tests to the physical properties with a flat relation with distance, which are T dust , L/M ratio, and possibly also N H 2 . If the properties have a significant increasing or decreasing trend with distance, it could become a bias for K-S tests. The K-S test conclusions that two considered groups (AS and NA) are different could be just due to the different distance distributions. K-S tests are preformed to three combinations, which are (1) S-type AS and NA, (2) S-type AS and O-type AS, and (3) O-type AS, and NA. When K-S test p value is smaller than 0.05, we reject the null hypothesis that the two samples are from the same distributions. The results of K-S tests shown in Table 6 suggest that T dust and L/M ratio are significantly different for S-type AS, O-type AS, and NA, while N H 2 is similar for the different types of HMSCs.
For those properties with a consistent increasing or decreasing trend with distance, we need to carry out the K-S test within the same distance ranges. However, the small size of the sample in a certain distance range decreases the K-S test reliability, for example, only about 20 HMSCs are in the distance range of > 8 kpc. Therefore, we define a dimensionless factor, δ 1, 2 = √ 2 × (M 1 − M 2 )/ σ 1 2 + σ 2 2 , where M 1 and M 2 are the median values while σ 1 and σ 2 are the standard deviations of the corresponding number distributions of properties. The numbers 1 and 2 are the labels for two types of HMSCs. This factor shows the ratio of median value difference to the combined standard deviations of two distributions, which allows for a simplified comparison between two types of HMSCs. For example, if two Gaussian distributions have the same profile but with a shift of standard deviation σ in Gaussian center, the resulted δ is equal to 1, indicating the difference at 1σ level.
The number distributions of eight properties are presented in Fig. 12, 13, 14 and significant difference as δ larger than 1 or K-S tests suggest that the distributions are different, only T dust , L clump , and L/M show significant differences between different types of HMSCs. The AS types have a higher T dust , L clump , and L/M ratio than NA. When we set the criteria of similarity as δ < 0.5 and there is an inconsistent trend of parameter changing from S-type AS to O-type AS and then to NA, n H 2 , N H 2 , M clump , size, and eccentricity are similar between different HMSCs.
Difference in properties
The properties with significant difference between different HM-SCs, which are T dust , L/M ratio, and L clump , are described in detail in this section. Other properties that are similar for AS and NA are briefly described and more detailed descriptions for these are given in Appendix C.
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Distance Range (kpc) All HMSCs NA AS & PA Fig. 11 . Fraction of HMSCs. The fraction is calculated by the number ratio of HMSCs to massive ATLASGAL clumps in each distance range, as shown in the numbers in figure. The sample of ATLASGAL clumps is taken from the catalog in Csengeri et al. (2014) and the clump distance is taken from Urquhart et al. (2018) . ATLASGAL clumps with a 870 µm peak intensity higher than 0.5 Jy beam −1 are extracted to be in line with the column density criterion for massive star formation in Sect. 2.1. The black, red, and blue lines indicate the changes of fractions with distance. (a). Dust temperature T dust . The changes of T dust with distance are very flat according to Fig. 10 and therefore we could compare T dust without consideration of distance factor. The K-S tests show that T dust distributions are different between S-type AS, O-type AS, and NA. From S-type AS to NA, a decreasing trend of T dust , from about 18 to 12 K, is shown in Fig. 12 . The T dust difference is larger than the typical T dust error in the SED-Article number, page 12 of 28 S. Zhang et al.: H ii regions and high-mass starless clump candidates fitting process, which is about 2 K to 3 K. Furthermore, δ values indicate that the differences are statistically significant, from 1σ level between O-type AS and NA to 2σ level between S-type AS and NA. The results show the probably stronger external heating effect of nearby H ii regions on S-type AS. We discuss this in more detail in Sect. 9.1.
(b). Clump luminosity-to-mass ratio L/M. The L/M ratio has a flat relation with distance in Fig. 10 , thus we could directly Article number, page 13 of 28
A&A proofs: manuscript no. hmsc compare it. The K-S tests suggest that their distributions between AS and NA HMSCs are different. The L/M ratios decrease from about 3 L /M to 1 L /M and then 0.4 L /M for S-type AS, O-type AS, and NA, respectively. The typical error of L/M ratio is less than 40%, thus the difference is larger than error in the calculation. Meanwhile, δ values indicate that the difference is on the order of 1σ between O-type AS and NA, while it increases to 2σ between S-type AS and NA, showing the likely stronger impacts of H ii regions. The L/M ratio is not an independent parameter if its calculation is related with far-IR/(sub)millimeter SED fitting because of the similar gray-body functions used in the fitting process (Pitts et al. 2019 ). The L/M ratios are in proportion to the ratio of integrated flux of gray body function to N H 2 (see equation 4 and 7 in Y17), while N H 2 is derived by fitting the gray-body function. A higher T dust results in a higher L/M ratio. In the regime of 12 K to 28 K, an increment of 3 to 4 K in T dust could increase L/M about 2 to 3 L /M for a clump with a mass of 400 M that is the median mass of the sample. Thus, the L/M ratio difference could be well explained by the T dust difference.
With the single-dish observed thermometer molecule CH 3 C 2 H, Molinari et al. (2016) suggest that L/M ratio could be an indicator of star formation evolutionary stage for massive clumps. These authors define three L/M intervals, which are L/M 1 L /M , 1 L /M L/M 10 L /M and L/M 10 L /M , respectively. These three intervals correspond to three evolutionary stages from (1) 1 L /M classifies the protoclusters with a dense core mass fraction 0.1, whereas L/M 10 L /M excludes dense core fraction 0.1. The significant L/M change between AS and NA indicates that it is uncertain to classify the early evolutionary stages of massive clumps with the only observed L/M ratio. We discuss this point in Sect. 9.1.
(c). Clump luminosity L clump . The L clump significantly increases with distance and therefore we could not directly compare it. In the certain distance bins, δ values show that S-type AS have a larger L clump than NA at 2σ level while the difference between O-type AS and NA is at 1σ level, suggesting the probably different strength of external heating of H ii regions on HMSCs between S-type AS and O-type AS.
(d). Other properties.
The N H 2 , n H 2 , M clump , size, and eccentricity are similar for AS and NA. Their δ values generally indicate that the difference between AS and NA is less than 0.5σ. The gradual changes of properties from S-type AS to O-type AS and then NA are not clear for these properties.
Owing to the selection criteria of S-type AS, which are the features of being photodissociated/photoionized or being in a compressed structure, we probably could expect that S-type AS could be denser than NA. The results show that the difference is not robust. It could be due to the beam dilution effects that narrow the density differences (see Appendix C).
Column density and temperature structure
Calculation
In this section, we compare the differences between the structures of different HMSCs. An isothermal, spherically symmetric prestellar clump with gravitational contraction is suggested have a clump radial density profile consisting of two regions: an inner core n H 2 = constant and envelope n H 2 ∝ r −2 (Vázquez-Semadeni et al. 2019). The corresponding radial N H 2 profiles are N H 2 ∝ r and N H 2 ∝ r −1 , respectively. Owing to the limited resolution, a flat central region and truncated radius are usually set when fitting the N H 2 profile to the observational data (Juvela et al. 2018; Tang et al. 2018 ). The Galactic cold cores N H 2 structures investigated with Herschel data indicate that radial N H 2 distribution follows a power law of N H 2 ∝ r −1 in spite of the broad variety of clump morphology, which suggests the universality of the r −1 profile for cold cores with gravitational contraction (Juvela et al. 2018; Li 2018) .
We compare N H 2 or T dust radial profile of different HMSCs with PPMAP data. Beam size is a crucial factor that could affect the clump structures we observed. A larger beam smooths the steep profile to make it flatter. Furthermore, beam size determines the lower size limit of the flat central region. The resolution of PPMAP Hi-GAL data, which is 12 , is more likely to detect the envelope rather than the inner core of clumps at a distance of several kpc. We simply fit a single power law radial N H 2 profile N H 2 = C × r p N H 2 to the PPMAP N H 2 data rather than with a more complex function.
Firstly, only AS and NA HMSCs with a mass larger than 100 M are considered to ensure the selection of massive sources. The HMSCs with an angular size < 24 and distance > 8.34 kpc are removed to mitigate the resolution issue. Secondly, we separate the PPMAP pixels into a series of concentric elliptical shells with a shell width of 6 in minor axis, which is the pixel size and the half beam size of PPMAP data. The aspect ratios and position angles of each elliptical shell of HMSCs are the same as the ellipses outlining the shapes of HMSCs in Y17. The radius of the largest shell is slightly larger than the clump size. For the pixels crossing the edges of the shells, we simply assign the associated shells according to the centers of these pixels. Thirdly, the median N H 2 in one shell is used as the N H 2 in this shell whereas the 25th and 75th percentiles of the pixel N H 2 of the shell are used as the error ranges of N H 2 for this shell. Finally, the median N H 2 in different shells are fitted with a power-law profile N H 2 = C × r p N H 2 . An example of N H 2 profile fitting is shown in Fig. 16 . Similar operations are carried out on PPMAP T dust images to look at the temperature profile and get a power-law index p T dust .
Properties and results
The N H 2 and T dust power-law indexes (p N H 2 and p T dust ) are shown in Fig. 17 (a) and (b), respectively. The median value of p N H 2 is −0.17, which is much larger than the value of −0.85 in Juvela et al. (2018) . There are several reasons for this difference. The clumps/cores they studied have a more compact morphology with a typical size of 0.075 pc compared to 0.5 pc for our HM-SCs. Their beam size is equal to 0.03 pc with a typical distance of 250 pc, but our beam size is 0.4 pc with a typical distance of 4 kpc. Our relatively poor physical resolution could create a higher p N H 2 value. Furthermore, their fitting field is larger than the clump scale, which includes the weaker background emis- sion that results in a smaller p N H 2 value. Our p N H 2 values are very similar to the results of Giannetti et al. (2013) . These authors simply fitted a power-law profile to 1.2 mm continuum emission of high-mass clumps with a beam size of 20 . They find a typical p N H 2 value of −0.2 to −0.4 for high-mass quiescent clumps, whereas values smaller than −1 for high-mass starforming clumps. Their results indicate that our fitting process is reliable at a similar resolution of 12 . We note that our main goal is not to derive a specific and exact value of p N H 2 but to search for a possible difference between AS and NA HMSCs.
The median values of p N H 2 are −0.27, −0.19, and −0.12 for S-type AS (30), O-type AS (26), and NA (34), respectively. Their standard deviations of distributions are 0.13, 0.1, and 0.05, respectively. The δ values suggest that S-type AS have a smaller value of p N H 2 compared with that of O-type AS and NA at 0.7σ and 1.5σ level, respectively, showing the significant differences between S-type AS and NA. All HMSCs with a p N H 2 smaller than −0.3 are AS HMSCs except for one NA. A χ 2 test to AS and NA with p N H 2 larger and smaller than −0.2 results in 99% to reject the hypothesis of independence between the association of H ii region and p N H 2 value. Therefore, a smaller p N H 2 value, which suggests a steeper N H 2 profile, is closely related with the association of H ii region.
The results of T dust profile shown in Fig. 17 (b) are very similar to the results of N H 2 profile. The S-type AS have T dust profiles steeper than those of NA HMSCs; the median values and standard deviations are 0.021 and 0.01 for S-type AS, 0.016 and 0.01 for O-type AS, and 0.01 and 0.05 for NA HMSCs. The δ values indicate the differences between AS and NA are at about 1σ level.
In brief, AS HMSCs have steeper N H 2 and T dust profiles than those of NA HMSCs and the difference between AS and NA types enlarges with a more drastic feedback of the H ii regions.
Bias
The distance bias could impact our comparison of p N H 2 values between HMSCs with different distances. The small panel in the top right of Fig. 17 (a) shows the trend that p N H 2 increase with distance. A larger distance indicates a larger physical size of HMSCs when the angular size is similar (about 30 ), thus the profile of the most distant clump could be less easily resolved and more easily mixed with the surrounding density distribution. To check how distance bias affects our results, we separate HMSCs into a series of distance bins with a width of 2 kpc. The results indicate a consistent trend in each distance bin that AS occupy the lowest p N H 2 value end compared with NA. The panel in the top right of Fig. 17 (b) suggests the trend that AS occupy the uppermost p T dust value end is also consistent in each distance bin.
The number of shells could affect the p N H 2 value because more shells in a clump means that the structure of the clump is better resolved and could result in a steeper observed profile. Of the 90 HMSCs for which we estimated the profile, only six clumps have four shells while the other HMSCs have three shells. Furthermore, these six clumps with four shells occupy the high p N H 2 value end (−0.2 to 0), which means that their profiles are flatter. Thus, we suggest that the effects of shell number do not significantly change our overall results.
Another factor changing the observed profile is the nature of Hi-GAL PPMAP data. It has been shown in Sect. 3.3.2 that Hi-GAL PPMAP overestimates T dust and underestimate N H 2 for the clumps at the coldest end (< 14 K). For starless clump, its center is normally expected to have a lower T dust compared to the envelope. The Hi-GAL PPMAP data could overestimate T dust and underestimate N H 2 for the center of starless clump, making the profile flatter. 
Links between L/M and steeper profile
A steeper density profile indicates that the clump is more centrally peaked. Observational studies have shown that the density structure of the clump becomes more and more centrally peaked with the evolution from the starless stage to protostellar stage (Butler & Tan 2012; Tang et al. 2018) . During the formation of protostars, the heating effect of inner protostars and the collapse/accretion make the clump warmer and more compact, thus a positive correlation between L/M and centrally peaked properties of the clump is expected.
The HMSCs impacted more deeply by nearby H ii region are compressed and heated more deeply by the ionized gas, thus the clumps are warmer and more centrally peaked. A weak positive relation between T dust and steepness of profile can be found in Fig. 17 (a) by the color of dots and the p N H 2 value. There is also a weak trend that p N H 2 values become smaller with increasing N H 2 as shown in Fig. 17 (a) . The median N H 2 and T dust are larger for the most centrally peaked AS (p N H 2 < −0.3, 6.7 × 10 22 cm −2 and 18.3 K) than those of other AS (4.7 × 10 22 cm −2 and 15.7 K) and NA (4.5 × 10 22 cm −2 and 12.9 K).
A similar positive correlation between p N H 2 and L/M of HMSCs is shown in Fig. 18 . The reason might be the tight relation between T dust and impacts of H ii region, as mentioned, rather than star formation activities inside HMSCs. The strengthened heating effect working on AS leads to a higher T dust and L/M ratio. This result indicates that even for the p N H 2 , the environment of the clump should be checked carefully in advance when these values are used as evolutionary probes for early massive clumps. Fig. 17 (a) . The colors of dots indicate N H 2 of HMSCs. The size of the dot is proportional to the T dust . The cross represents the typical error. The black line indicates the linear regression to the data.
Turbulence and virial status
In this section, we compare the turbulence level in AS and NA and seek to understand whether turbulence plays a dominant role in shaping massive star formation. Recent modeling results based on the global hierarchical collapse in molecular clouds argue that chaotic, multiscale infall due to gravity could dominate at all scales (Vázquez-Semadeni et al. 2019 sample of 70 µm quiet clumps, Traficante et al. (2020) propose a scenario that is a continuous interplay between turbulence and gravity. The turbulence creates multiscale structure and then gravity becomes dominant when the critical density threshold is reached. Based on the hypothesis that mass distributions of stars result from turbulent fragmentation, Padoan et al. (2019) propose a scenario in which large, converging, inertial flows in the environments of supersonic turbulence assemble massive stars. These studies shed light on the particular importance of understanding the sources that drive turbulence, their relative importance at the clump scale and the impacts of turbulence on regulating star formation (Lo et al. 2015) .
Mach number estimation
To show the turbulence level in HMSCs, we use SEDIGISM data to estimate the Mach number. SEDIGISM survey mapped the inner Galactic plane in the J = 2 − 1 rotational transition of 13 CO and C 18 O with a spatial and a velocity resolution of about 30 and 0.25 km s −1 , respectively. We extract the average spectra in one beam centered on the HMSC position from a spectral cube and then fit it with Gaussian using the CLASS package 5 . An example of Gaussian fitting to 13 CO and C 18 O J = 2 − 1 spectra of the HMSC G015.2169−0.4267 is presented in Fig. 19 . We only use C 18 O J = 2 − 1 rather than 13 CO J = 2 − 1 to estimate the Mach number because C 18 O is likely to be optically thin and traces denser regions. C 18 O has a lower abundance than 13 CO with a 13 CO/C 18 O abundance ratio of 5 to 8 (Milam et al. 2005; Mattern et al. 2018; Paron et al. 2018) . The velocity dispersion σ v is combined by a thermal component σ Therm = (kT ex /m C 18 O ) 1/2 and nonthermal component σ NT with equation σ v 2 = σ Therm 2 + σ NT 2 . σ NT /σ Therm for C 18 O lines of HMSCs in our cases are in a range of 10 to 40, suggesting the dominance of turbulence in HMSCs. We set σ NT as the turbulence flow velocity, thus the Mach number
3 is the correction from 1D to 3D and c s = γR gas T/m mol . The quantities γ, R gas , and m mol are the adiabatic index, gas constant, and molar mass of the gas, respectively. Orkisz et al. (2017) use a similar method to estimate the Mach number with 13 CO J = 1 − 0 in the Orion B region. They assume that the opacity broadening, natural, and thermal widths of lines are negligible compared to turbulent broadening. We use σ NT as the turbulent flow velocity rather than the velocity dispersion of spectra σ v even if thermal widths make up only 2% to 10% width of the C 18 O J = 2 − 1 lines in our HMSC sample. Opacity broadening is less important because C 18 O J = 2 − 1 is more optically thin compared to 13 CO J = 1 − 0.
The Mach number, nonthermal component and their correlations with distance are shown in Fig. 20 . As shown in Sect. 6.1, HMSCs at a larger distance have a larger physical scale r pc . An increase in physical scale r pc could increase σ v according to Larson's law σ v ∝ r pc 0.56±0.02 km s −1 (Larson 1981 ). An increasing trend of σ NT from 2 kpc to 13 kpc shown in Fig. 20 (b) proves that the bias of distance exists when comparing σ v . Mach numbers or nonthermal components of the full sample studied do not show a clear difference between AS and NA. The δ S −AS , NA value indicates a slight difference (0.1σ) between S-type AS and NA in the full sample. To compare the Mach number more reliably, we extract HMSCs at a distance of 2 kpc to 4 kpc. More than half of C 18 O studied HMSCs (85 in all 135 HMSCs, including 11 NA, 16 PA, 30 O-type AS, and 28 S-type AS) are included. The HMSCs in 2 kpc to 4 kpc are better resolved and the numbers of different types of HMSCs are relatively statistically significant compared with other distance ranges with a width of 2 kpc. The median values of the Mach number in 2 kpc to 4 kpc are 5.6, 6.7, and 7.1 for NA, O-type AS, and S-type AS, respectively. The quantity δ ≈ 1 between S-type AS and NA, indicating that S-type AS have a Mach number statistically larger than that of NA. The turbulence level of HMSCs could be between supersonic regime (1.3 to 5) to hypersonic regime (5 to 10). The AS HMSCs are more likely to be hypersonic while NA types are more likely to be supersonic.
A positive correlation between σ NT and L/M for presteller and protostellar dense clumps has been found with NH 3 lines of about 1000 clumps by Merello et al. (2019) . These authors propose that it could be due to the additional energy injection from the embedded protostars. As shown in Fig. 21 , NA, O-type AS and S-type AS HMSCs roughly occupy the (i) low Mach number -L/M regime, (ii) intermediate Mach number -L/M regime, and (iii) high Mach number -L/M regime, respectively. The boundaries are estimated by the algorithm of support-vector clustering (SVC 6 ). Our identified boundaries are just tentative visualizations for different regimes rather than a rigorous calculation of the margin due to the small size of the sample (less than 70 HMSCs). The roughly positive relation between L/M and Mach number for our HMSCs between the range 2 kpc to 4 kpc has a mechanism different from that in star-forming clumps because of the absence of the embedded protostars. The external heating and turbulent energy injection by H ii regions are the most likely reasons for the positive relations and these two impacts of H ii regions on HMSCs are probably interconnected with each other.
Virial status
We find that AS are more turbulent than NA. In this section, we analyze whether HMSCs are gravitationally bounded and search for the possible differences between AS and NA by estimating virial mass ratio,
where α and β are factors related with the eccentricity and density profile, respectively (Li et al. 2013) ; α = (1+a/3)/(1+2a/5), where a is for the power-law index of number density profile n H 2 ∝ r a ; β = arcsine/e is the geometry factor determined by eccentricity e; and a is approximately equal to p N H 2 − 1. As shown in Sect. 7, AS HMSCs have a lower value of p N H 2 than NA HMSCs, especially for the S-type AS HMSCs. The nature and limited resolution of PPMAP data could make us underes- timate the real profile difference. To show the differences in the power-law index when calculating the virial mass ratio, we set a unique p N H 2 value of −0.6 for NA, which is the value for an isothermal clump in equilibrium (Li et al. 2013 ), whereas we set another value of −0.8 for AS HMSCs. The difference of 0.2 is estimated by the median values in Fig. 17 . The virial ratio and clump mass for all C 18 O studied HMSCs are shown in Fig. 22 . The trend that virial ratios decrease with clump mass is well observed by other similar studies (Csengeri et al. 2017a; Wienen et al. 2018) . The fraction of HMSCs with a virial ratio of less than 2 decreases from about 90% for NA to 50% for S-type AS, which may imply a different virial status between AS and NA. A virial ratio of less than 2 suggests a gravitationally bound structure for the clump (Bertoldi & McKee 1992) . We note that the surface pressure and magnetic field are not included in our virial calculation. For HMSCs with a virial ratio 1, these clumps could be unbound and transitory but still possible to be in bound status if we consider surface pressure or magnetic field. AS HMSCs are believed to be deeply impacted by nearby H ii regions. The external pressure from H ii regions could assist to confine the clumps. The δ values indicate that the difference between S-type AS and NA for all sample is at 0.9σ level. An Anderson-Darling test shows that the null hypothesis that AS and NA have the same distributions can be rejected (p values equal to 0.0018 for S-type AS and NA, and 0.015 for Otype AS and NA). To avoid the bias of distance, we show the virial ratio distribution for HMSCs in the 2 to 4 kpc range in Fig.  23 , the median value for S-type AS, O-type AS, and NA are 2.0, 1.3 and 0.7, respectively. The δ value between S-type AS and NA is about 1.5, indicating a more significant difference of virial ratios compared to full sample.
The median virial ratios of AS and NA are in the transition regime between virialized to subvirial, even if the virial ratios for AS are statistically higher than NA. Recent simulations of Rosen et al. (2019) on the collapse of subvirial (R virial = 0.1) and virialized (R virial = 1) turbulent massive cores (0.1 pc) suggest that the most massive stars likely form from subvirial massive cores by the rapid monolithic collapse without fragmentation, while other less massive stars likely form through slow collapse of highly turbulent cores with a larger number of fragments. We note that AS HMSCs are not isolated and are probably being compressed by H ii regions. The pressure from H ii regions is ignored in the calculations. Furthermore, the virial ratios indicate a similar virial status when move to the massive end (> 300 M ) rather than totally different virial status like in the simulations of Rosen et al. (2019) . Therefore, we propose that even if a different virial status probably exists between AS and NA, it is hard to find out whether it could dominate the star-forming process such as fragmentation (see Sect. 9 .3) in HMSCs.
Discussion
The HMSCs are cold and dense clumps and probably at the earliest stage of HMSF. Even in such short-living objects, we observed a systematic difference between different HMSCs, depending on their environment (associated or not with an H ii region). This sample of HMSCs -H ii regions combinations could be a useful database for future case studies about the impact of H ii regions on HMSF, especially for very early stages.
T dust and L/M ratio
We observed a higher T dust for AS than that of NA (about 4 to 6 K). The T dust difference could be larger when considering the details of environment such as whether the HMSCs are in shells created by the expansion of H ii regions or whether there are any implications of compression of H ii region on HMSCs. The decreasing trend of T dust from S-type AS to NA could be well explained with a weaker external heating of H ii regions. Ultraviolet radiation could photodissociate the molecular gas at the surface of HMSCs, which has been shown by the higher detection rate of the typical photodissociation tracer C 2 H for AS HM-SCs (Zhang et al., in prep.) . Furthermore, AS with C 2 H detection have a higher T dust than AS without C 2 H detection (Zhang et al., in prep.) . These facts reveal the tight relation between photodissociation and external heating.
For HMSCs, the inner heating effect of potentially embedded low mass protostars could be negligible compared with the feedback from nearby H ii regions. This leads to a more complex explanation for L/M ratio of HMSCs. The AS HMSCs have a L/M higher than NA about 3 to 4 L /M . Furthermore, AS could have a L/M ratio of > 10 L /M in extreme cases.
We point out that L/M ratio alone is not a reliable evolutionary probe for early massive clumps without knowledge of the environment of the clump. This is particularly true for the very early clumps (IR quiescent). Molinari et al. (2016) used CH 3 C 2 H to estimate the L/M intervals for different evolutionary stages of massive clumps (see Sect. 6.2). We carried out an independent check to see whether the L/M ratios of HMSCs could be significantly changed under the effect of H ii regions. We took advantage of L/M ratio and CH 3 C 2 H kinematic temperature data of dense massive clump (> 1000 M ) in Giannetti et al. (2017) . Our check shows that the heating effect of H ii region makes the L/M ratios of IR quiescent massive clumps increase from 0.5 L /M to 2 L /M , even to 10 L /M in extreme cases (see details in Appendix D). The improved L/M ratios of IR quiescent massive clumps overlap the L/M regimes of clumps with weak IR sources, such as 70 µm compact sources. CH 3 C 2 H is a good thermometer for dense gas ( 10 5 cm 3 ), thus it traces mostly the inner region of the clump rather than the envelope. Under the effect of the H ii region, the increase of the inner CH 3 C 2 H temperature is limited compared to the L/M for IR quiescent clumps. In extreme cases, for example, the clump located at the edge of an H ii region, the inner gas temperature of clump could be significantly increased to > 30 K owing to the impact of the H ii region.
We explore whether it is possible that the L/M properties of star-forming clumps could be significantly changed by the presence of a nearby H ii region. Pitts et al. (2019) studied the L/M ratios of Carina Nebula and RCW 64 by fitting SED pixel by pixel to Herschel and APEX far-IR to submillimeter data. They find that the L/M ratio of the pixels in the clump show a complex feature. A number of clumps with ongoing star formation activities show some pixels with a higher L/M or T dust at lower N H 2 , which is inconsistent with the expected positive correlation between L/M and N H 2 in star formation theory. We propose that this could be due to the feedback of the Carina and RCW 64 regions that heats the surface and surrounding of the star-forming clump, making some pixels at the surface to have a higher L/M ratio or T dust with lower N H 2 , for example, clump BYF 77 and BYF 109 in Fig. 21 of Pitts et al. (2019) . The L/M properties of starless clumps are more easily significantly changed due to the external heating and the absence of internal heating sources.
In a word, the suggestions in Molinari et al. (2016) that L/M ratio could be used as an evolutionary probe of massive clumps at very early stages should be carefully treated, especially when there are impacts from H ii regions. A detailed check of the environment of clumps is crucial before using L/M ratios because the L/M could be partly created by external heating of nearby H ii regions rather than forming stars inside the clump. The single dish observation cannot resolve the compact cores embedded in HMSCs. Observations by ALMA toward a series of HMSCs in different environment are needed to address whether the embedded cores remain higher T dust and L/M when they are associated with nearby H ii regions.
Nature of HMSCs in different environments
We have shown that a large part of HMSCs are associated with H ii regions (about 60% to 80%), which means that the H ii regions are common environments for HMSCs. A simple look at a series of maps indicates that about half of the AS HMSCs probably show the morphology features of interaction with H ii regions such as the compressed layer. A systematic difference has been found between the properties of HMSCs associated and nonassociated with H ii regions. A short summary of the main differences we found for the properties of AS compared to NA is given in Table 7 . The quantity T dust is one of the key differences that has been investigated. A higher T dust causes a higher L/M ratio. When T dust > 20 K, evaporation of CO isotopologs dramatically increases and changes the chemistry in HMSCs, for example, more CO promotes the destruction of N 2 H + (Zhang et al., in prep.) . Using chemistry as the evolutionary probe of very early massive clumps, especially using single dish obser- vations with low resolution, creates bias. Recent observations toward Carina nebular reveal similar findings that the environmental changes due to the HMSF have modified the chemical composition of nearby dense clumps ). Besides, AS are expected to have different density structures and kinematics compared to NA. The compression effect of ionized gas makes HMSCs located close to H ii regions become more centrally peaked. At the same time, the additional energy injection from H ii regions makes HMSCs more turbulent.
Even if some properties of HMSCs indicate a Galactocentric gradient with a large scatter, it is still possible that some properties of HMSCs are predominated by the local environment rather than the Galactic scale environments, for example, the T dust changes among different types of HMSCs are more significant than the changes among different Galactocentric distances. Some implications from other studies also indicate that the very early HMSF is more likely impacted by the local environment rather than the Galactic-scale environment. Djordjevic et al. (2019) used the ratio of Lyman luminosity to clump mass L Ly /M clump and ratio of bolometric luminosity to clump mass L bol /M clump as the proxies for massive star formation efficiency (massive SFE) and the overall SFE for UCH ii regions. They find a much significantly decreasing trend among the Galactocentric distance for L bol /M clump than that of L Ly /M clump , suggesting that HMSF is relatively independent compared to low or overall star formation. The S-type AS HMSCs are excellent samples for studying the triggered HMSF at very early stages because they are in a compressed structure or being strongly photoionized/photodissociated. We want to understand how the H ii region could impact the following HMSF in HMSCs according to the differences we have found.
Massive star formation
Fragmentation is a key process that could determine the initial mass of cores (or fragments) embedded in HMSCs (Lin et al. 2019; Svoboda et al. 2019; Sanhueza et al. 2019; Louvet et al. 2019; Li et al. 2019 ). According to the fragmentation theory of molecular clump in the simplest case (Jeans 1902) , which is a self-gravitating medium without turbulent motions that is nonmagnetic, isothermal, infinite, and homogeneous, the clump fragments into smaller cores with mass on the order of the Jeans mass, 
The Jeans mass is higher for a more turbulent clump. Thus, the fragmented cores in AS HMSCs are probably more massive than those of NA HMSCs owing to more turbulent properties. The limited fragmentation at 0.01 pc scale compared to the thermal fragmentation (Eq. 2) has been found in the most massive clump surrounding the H ii region RCW 120 (Figueira et al. 2018) . The fragmented cores are significantly more massive than the expected values with Eq. 2. It is well explained with the additional turbulence from H ii region by Figueira et al. (2018) .
Our previous results have shown that AS HMSCs have a steeper density profile owing to the compression of H ii region. The question is whether a steeper density profile promotes the formation of a massive central object (McGuire et al. 2016) . The simulations of Girichidis et al. (2011) reveal that the cores/clumps with an initial density profile that is strongly centrally peaked are more likely to form one or a few massive stars in the center surrounded by a number of low mass stars, while cores/clumps with a flatter density profile are more likely to form a large number of low mass stars. Furthermore, these simulations suggest that the initial density profile of star-forming clumps/cores could be the most important factor for fragmentation and evolution of HMSF regions. Palau et al. (2014) observed a number of massive dense cores to study the relation between fragmentation and density structure of massive cores and they find that steeper density profiles tend to show lower fragmentation. These results probably indicate that AS more easily form massive stars by limiting fragmentation.
The properties of more turbulent and steeper profiles of AS HMSCs are both implications of the impacts of H ii regions and should interconnect with each other well. Such a positive correlation is shown in Fig. 24 . Therefore, the combined effects of more turbulent and more centrally peaked properties of AS probably increase the mass of the fragmented cores and promote HMSF.
As a pilot test to study the possible impacts of H ii regions on fragmentation in HMSCs, we select two HMSCs with similar distance (3 kpc), single-dish derived clump mass ( 300 M ), and N H 2 (6 × 10 22 cm −2 ), but one is S-type AS at the shell structure and another is NA far away from H ii regions (Zhang et al., in prep.) . The S-type AS HMSC has a higher L/M ratio of 2.12 ± 0.8 L /M and Mach number 8.7 ± 0.5, while the NA HMSC has a lower L/M ratio 0.27 ± 0.08 L /M and Mach number 5.6 ± 2.3. The ALMA observations (ALMA Cycle 4, Project code: 2016.1.01346.S, PI: Thushara Pillai) with a resolution of 1.5 (0.02 pc) show that even though the numbers of fragmented cores are similar between AS and NA (between two to four), the fragmented cores are much denser in S-type AS compared to NA (Zhang et al., in prep.) . This pair of AS and NA probably suggests that the impacts of the H ii region could favor the formation of massive fragments in clumps at the earliest evolutionary stages.
Recent interferometric studies of a sample of eight massive clumps (0.5 pc scale) close to the H ii regions have revealed a possible link between the impacts of H ii regions and asymmetric spatial features that high density regions (fragmented cores) drift to off-center position of clump, indicating that the thick envelope of the clump has been deeply compressed (see Fig. 8 in the paper of Zhang et al. 2019 ). This probe of impacts of H ii regions on massive clumps has a drawback that the projection effect probably minimizes the drifted features. For example, if the impacts of H ii regions are along the line of sight, the impacted clump still shows a symmetric feature. The density profile could be more reliable than the ways suggested by Zhang et al. (2019) . We try to search the relation between density profiles of these eight massive clumps as well as the mass or number of fragmented cores. No clear trend between the density profile powerlaw index p N H 2 and the mass or number of fragmented cores at 0.02 pc scale has been found, which could be due to the limited number of the sample and/or the broad difference in the properties of these massive clumps, for example, starless or star forming.
Magnetic field is another key factor in the fragmentation and the collapse of clumps (Dall'Olio et al. 2019) . Studies suggest that a stronger magnetic field could inhibit the fragmentation (Fontani et al. 2016; Beuther et al. 2018) . The relative importance of magnetic field compared to turbulence could be estimated by Alfvén Mach number
is Alfvén speed and B is the total magnetic field. Observations toward massive starless cores/clumps indicate a B value on the order of 0.1 to 1 mG (Tan et al. 2013; Tamaoki et al. 2019) . Even if we can expect that the clumps close to H ii region have a higher B value, whether it should impact the fragmentation requires dedicated observations.
Following our findings, we propose that the properties of AS HMSCs inherited from the impact of H ii regions, probably favor the formation of high-mass stars. High-resolution interferometric observations are really needed to ascertain this.
Conclusions
We investigate the statistical differences between HMSCs close to H ii regions (AS or AS HMSCs) and those far away from H ii regions (NA or NA HMSCs), based on the following two selection criteria used to ascertain the association: the separations between HMSCs and H ii regions in the plane of the sky are < 2R eff of the H ii region and the velocity differences are < 7 km s −1 . The results show that more than half of the HM-SCs are AS HMSCs. Among these AS HMSCs, 30% to 50% of clumps are probably in a compressed structure or photodissociated/photoionized structure, indicating the powerful feedback of H ii regions on HMSCs. This sample of HMSCs constitutes a useful database for future studies dedicated to the impact of H ii regions on the earliest HMSF.
We found the following systematic differences between AS and NA:
1. The AS HMSCs are warmer and more luminous than NA types because of the external heating of H ii regions. The increment in L/M of AS HMSCs, which could be up to 10 L /M , can cause a large uncertainty when L/M ratio is used as the evolutionary probe of massive clumps at very early stages without knowledge of the environment. 2. A steeper column density profile, which means a more centrally peaked density structure, is found in AS compared to NA. The compression by H ii region could be the possible reason for this difference. 3. C 18 O J = 2−1 lines reveal that AS have a higher Mach number than NA, indicating that AS are more turbulent. We propose that this is due to the additional energy injection from H ii regions. The AS HMSCs probably have a greater virial ratio compared to NA HMSCs if we do not consider the surface pressure and magnetic field.
The implications of impacts of H ii regions on HMSCs, such as positive correlations between the L/M ratio, the Mach number, and the power-law index of column density profile, are intercorrelated. We propose that the combined effects of more turbulent and steeper density profiles probably make AS HMSCs favor the formation of high-mass stars by limiting fragmentation. Future interferometric surveys toward a statistically significant number of HMSCs in different environments are needed to ascertain this. 2013; Wienen et al. 2015) , and their results show that the highmass end of mass distribution could be described by a power law dN/dM clump ∝ M clump α , where dN is the number of clumps within mass bin dM clump . We could not directly perform such a fitting to our mass distribution owing to the bias that mass increases with distance and because the number of sources in different distance bins is limited. Rathborne et al. (2006) obtained a power-law index of α −2.1 ± 0.4 for the cores (> 100 M ) without 8 µm emission in IRDC at 2 kpc to 8 kpc. A tentative fitting to all HMSCs and AS HMSCs (M clump > 500 M and the mass completeness at 4 kpc is about 450 M ) results in α −2.38 ± 0.49 and −2.23 ± 0.32 (see Fig. C.6) , which is similar to the results of Rathborne et al. (2006) . This tentative fitting sheds light on the facts that the commonly existing distance bias could produce an unreal CMF. Including more distant clumps, which are generally more massive, could make mass distribution flatter at high-mass end. We propose that distance bias should be seriously considered when studying CMF.
The question arises whether environmental factors impact the mass function of massive clumps ). Wienen et al. (2015) suggested that power-law index (−2.2 ± 0.1) is independent from the Galactic scale environment and evolutionary stages by studying the massive end (> 1000 M ) of ATLASGAL clumps at different Galactocentric distances for various kinds of sources. The question regarding whether different types of HM-SCs could have a similar or different CMF need to be confirmed in a larger sample with a similar distance (Olmi et al. 2018) .
The δ values show that NA are slight massive than S-type AS at 0.3σ to 0.5σ level in the same distance bins according to Fig. 15 . The uncertainty of clump mass, which is about 20% to 40%, mainly comes from the uncertainty in distance and column density. The mass difference between different HMSCs is less than its uncertainty.
(d) Size. The sizes of our HMSCs are in core-to-clump regime (0.1 to 1 pc) and increase with the distance as shown in Fig. 10 and Fig. C.4 . The impact of H ii regions on the size of HMSCs is complex. There is no consistent differences between AS and NA in different distance bins. S-type AS are smaller than NA at 1σ level in < 4 kpc bin while they are larger at 4 to 8 kpc. Furthermore, there is no consistent changes from S-type AS to O-type AS and then NA. (e) Eccentricity. The eccentricity of HMSCs is calculated with e clump = √ a 2 − b 2 /a, where a and b are the semimajor axis and semiminor axis of the ellipse defining the shape of clump ). K-S tests show eccentricity distributions are similar between S-type AS, O-type AS, and NA. Furthermore, δ values in different distance bins show an inconsistent trend.
Appendix D: Independent check on CH 3 C 2 H kinematic temperature and L/M ratio relations
About 100 ATLASGAL massive clumps in the inner Galaxy are included in the survey of Giannetti et al. (2017) . The selected massive clumps are separated into four categories according to star formation indicators observed in IR and radio images: (1) 70 µm weak clumps: These clumps are weak at 70 µm thus they are considered as IR quiescent. They represent the clumps at the earliest evolutionary stages similar to our HMSCs. (2) IR Article number, page 25 of 28 A&A proofs: manuscript no. hmsc weak clumps. These clumps are associated with 70 µm compact sources or weak 24 µm sources. (3) IR bright clumps. These clumps are associated with strong IR sources. (4) Compact H ii regions. We use 70 µm weak massive clumps and IR weak massive clumps to carry out the check. We cross match the clumps with H ii region in a method similar to that in Sect. 4. The clumps are classified as associated, possibly associated, and nonassociated clumps. The results are shown in Fig. D.1 . Five IR quiescent massive clumps associated with H ii regions are shown in Fig. D.1 . Source 1 is located at the edge of a bubble; ATLASGAL 870 µm continuum emission contours indicate that the clump is being compressed. Source 2 is located in the famous molecular ridge of the NGC 6334 H ii region; 870 µm continuum shows that the ridge is being compressed. Source 3 is located at the edge of the H ii region with complex morphology and intense star formation. Source 4 is located at the edge of a very diffuse bubble. The surrounding diffuse 24 µm emission indicates that this clump is weakly impacted by the H ii region. Its L/M ratio is quite similar to the source that is nonassociated with H ii regions. Source 5 is possibly associated with H ii region owing to the lack of H ii region velocity.
It is significant that the L/M ratio and CH 3 C 2 H kinematic temperature of Source 1 are shifted to the level of IR weak clumps. Furthermore, L/M ratios of other sources associated Article number, page 26 of 28 S. Zhang et al.: H ii regions and high-mass starless clump candidates The dots and stars represent the 70 µm weak clumps and IR weak clumps, respectively. The red, green, pink, orange, and blue labels represent S-type associated, O-type associated, S-type possibly associated, O-type possibly associated, and nonassociated clumps, respectively. L/M ratio, CH 3 C 2 H temperature and its upper and lower limits are taken from Giannetti et al. (2017) . Other plots show the environments of all 70 µm weak clumps associated (or possibly associated) with H ii region by Spitzer RGB images (constructed in the same methods as Fig. 1) . The contours and yellow dots in the bottom left of the figures show the ATLASGAL 870 µm continuum and its resolution.
